In a fibre-reinforced polymer matrix composite (PMC), the function of the fibre is to bear the applied load 13 that is transferred via shear stresses through the fibre-matrix interface from the polymer matrix. The fibre 14 absorbs stress by progressively fragmenting along its axis until a critical fibre fragment length is realized.
21
The key findings of this review are: 1) MFFT equipment and protocols vary considerable and require 22 standardisation. 2) Existing models for stress transfer between fibres rely on geometrical models that do 23 not capture the material properties or the constitutive models of the transmitting matrix. Comprehensive 24 constitutive matrix stress transfer models are needed.
25
Current MFFT models do not incorporate terms for matrix vibration as a function of fibre fracture shock. It 26 is clear that more work can also be done to characterize microcomposite systems in compression, at various 27 2 angles to the fibre axis, and under various combinations of cyclic loading, but arguably such work should 28 be pursued after the uniaxial tensile fibre fragmentation problem has been better understood.
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46
The theoretical history of the single fibre fragmentation test has been well documented, i.e., the 47 development of the Cox and Kelly Tyson shear lag models and others. [7] , [8] . These theories describe axial 48 fibre strength distribution, and provide statistical approximations for critical fibre fragment length using 49 mean fragment length data. There are also various local load-sharing models that described stress transfer 50 between a fragmented fibre and its intact neighbors.
[9], [10] . All of these models are either theoretically 51 conceived, based on elementary force balances on the fibre-matrix interface, or on statistical expressions 52 which approximate variables such as critical fibre fragment length that are currently inaccessible to direct 53 measurement. However, at present, many of these models are based on simplifying assumptions about 54 matrix deformation, interface debonding, and supposed linear-elastic or elastic-perfectly-plastic 55 mechanical behavior of the composite matrix. This is principally because constitutive models for the 56 mechanical behaviour of amorphously structured thermoset matrices are under-developed by comparison 57 with metals, which possess a degree of long-range order at the atomic level, so that metallic behaviour 58 under applied loads may be described with more accuracy than that of thermoset matrices.
59
In this review, the focus is on the history and development of experimental fragmentation techniques that 60 have been devised to interrogate the fibre-matrix interface in polymer composites, and describe significant 61 historical data derived from these. The main aim of these techniques has been, and remains, to achieve a 62 4 robust protocol for the measurement of interfacial shear strength (IFSSh). Ideally, IFSSh should be 63 measured in a direct manner. However, in practice, most techniques of the past fifty years have 64 concentrated on the measurement of critical fibre fragment lengths at fibre stress saturation as a faster 65 route to the calculation of IFSSh, rather than on direct measurement of the latter, which has proven 66 intractable. This has necessitated the development of theoretical and statistical models to improve 67 confidence in the relationship between mean fragment length actually measured in these tests, the notional 68 critical fibre length at saturation, and the real interfacial shear strength of the fibre-matrix interface.
69
However, the necessary mathematical relationships between these quantities are heavily dependent on 70 experimental data for their validation; particularly, as many of the qualitative predictions of the purely 71 mathematical, non-statistical models are not properly representative of real interfacial behavior, which will 72 be discussed in this review by examination of historical data.
73
The experimental techniques described in this review can be divided in two categories: a) qualitative 
104
The basis of the Raman measurement method is the strain-and stress-dependence of certain vibrational 105 modes of molecules in the reinforcing carbon fibres. Thus, Raman spectroscopy can be used to measure 106 fibre stress and strain with a spatial resolution of 1 μm. In addition, the strain-and stress-dependence of 107 key graphitic vibration modes in carbon fibres is highly linear, which facilitates more accurate 108 measurements of strain and stress using this technique. The fundamentals of the strain dependence of LRS 109 vibration modes is well explained by Frank et al [29] who describe the use of LRS as a stress-sensor for 110 both graphene and carbon fibres, while Anagnostopoulos et al. [30] have exploited the phonon stress 111 sensitivity of carbon to characterize fibre matrix interfaces at different temperatures.
112
The key advantage of Raman-sourced fibre strain data is that the normal stress function σf(x) along the 113 fibre axis can be determined directly by experiment, so that neither the Kelly-Tyson nor shear lag models 114 are required to calculate it. An immediate consequence of this is that an independent experimental 115 verification of the accuracy of shear lag models and their underlying assumptions is possible using LRS.
116
Once the axial shear stress distribution has been determined by experiment, it can be directly converted to 117 the corresponding axial shear stress distribution using the following equation, c.f. Galiotis et al., [28] Figure 3) 
212
Raman techniques have also been used to study the lateral stress transfer from broken fibres to intact 213 fibres, (Grubb et al. [9] ). Here, the authors formulated various epoxy-based composites with 1) Nicalon 214 silicon carbide fibres of 15 μm diameter, 2) carbon AS4 (7.6 μm) 3) carbon Fortafil (7.6 μm) and 4) Kevlar- 
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Here, W1 and W2 are the peak Raman wavenumbers for the off-break and at-break fibre positions,
241
respectively, whereas W0 is the peak wavenumber at no external load. Thus, at two strain levels of 2.65 and 
295
If an intact fibre and a broken fibre are in sufficiently close proximity, the extra force borne by the intact 296 fibre, πrf 2 dσ, is balanced by the interfacial shear force in a region where the intact fibre intersects the stress 297 field 'radiating' from the break of the broken fibre. This region is defined (Figure 4 ) by the angle swept from
298
-θmax to θmax, by a radius extending from the centre of the intact fibre. Thus, the force balance for this system 299 is given by Eqn 6:
Here, r is the distance from the centre of the broken fibre to the surface of the intact fibre, and is a function 302 of θ. Importantly, the term sin α describes the component of the shear force that acts along the interface.
303
By adapting this expression, a second expression for the load transfer occurring in the plane of the break 304 (transverse to longitudinal fibre axis) may be written, (Eqn. 7). Specifically, this describes a load transfer 305 factor, F. 306
Here the term dr = di/rf, where di is the inter-fibre separation, (centre-to-centre), and rf is the common 308 radius of both fibres. This integrand can be analytically solved and reduces to the angle ϕ, which is half the 309 angle that the intact fibre subtends at the centre of the broken fibre, (Figure 4 ). This means that F = ϕ/π.
310
Since the stress concentration factor, Kc is equated to 1 + F, Wagner and Eitan used the integrand of Eqn 7 311 to write Eqn 8:
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Some important features of this model are that 1) the matrix shear stress decreases with 1/r, 2) the area 314 over which the stress acts is proportional to r, and 3) the force applied to the neighbouring fibre over an 315 angular sector dφ is proportional to dφ. A consequence of the latter assumption is that if a broken fibre 316 were surrounded by intact fibres, all the load would be transferred to these fibres upon the formation of a 317 break, regardless of the various distances of the fibres, which seems unlikely in practice. In particular, the 318 fraction of load transferred to a fibre that intercepts an angular sector of 2ϕ is calculated simply as the 319 angle ratio ϕ/π, (i.e. 2ϕ/2π, the fraction of the fibre radial zone occupied by fibres). Furthermore, the term 320 sin α represents the component of stress acting on the interface of the intact fiber. Thus, for any length 321 increment of fibre, dx, the area over which stress acts is calculated as r.dx.dϕ/sin α. This means the stress 322 applied is independent of the angle α itself, which represents the orientation of the interface.
323
One assumption of the model is that radial shear stresses in the matrix are unaffected by the presence of 324 fibres, i.e., that only axial matrix shear is observed (not sustained in practice). Thus, if more than one fibre 325 breaks, (i.e., N fibres) the maximum stress concentration is expressed by Eqn. 9:
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According to this model, the excess load on any intact fibre is unaffected by the presence or absence of 328 other intact fibres, and can only be influenced by load transfer from one or more broken fibres.
329
Furthermore, the total load at each fibre cross-section of the composite in this two-dimensional composite 330 model is not constant. Thus, if only two fibres are in proximity and one breaks, the intact fiber will carry 331 only 1/6 the tensile load shed by the broken fiber. 349
352
Here, σ(0) is the local axial stress acting on the intact fibre at the cross-section of the break, while σ(∞) is 353 the undisturbed fibre axial stress at a point on the same intact fibre at a point far from the break.
355
In these new expressions, they also introduced the fibre cross-sectional areas and moduli for the broken 
Multi Fibre Fragmentation Test (MFFT) 408
Stress transfer between fibres is an important area of study in the micromechanics of fibre arrays, 
479
Fragment lengths were measured after test completion using an optical microscope with a grid-calibrated 480 eye-piece. Micrographs of some specimens were also taken on separate strain rigs implementing equivalent 481 strains to the Instron, in order to study photoelastic, birefringence patterns (Olympus Model PME). 
MFFT Literature Data

495
A number of workers have reported important data for MFFT, albeit using equipment which has tended to 496 diverge greatly in design, and also using different composite systems, testing techniques and protocols. 
552
Grubb, Phoenix et al. [9] reported MFFT data for three, five or seven Nicalon fibres spaced regularly on a 553 frame as discussed above, where fibres were typically separated by one fibre diameter. They concluded 554 that the mean fibre fragment length was a function both of inter-fibre separation and the number of fibres 555 present in the parallel fibre array. Specifically, mean fragment length increased where inter-fibre distance 556 was smaller, and also when more fibres were present in the system. Generally, longer mean fragment length 557 (hence fewer fragments per unit length fibre) indicates that the fibre is absorbing less stress from the 558 matrix, when surrounded by other fibres at sufficient proximity, because they are also absorbing stress. 
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The original Griffith expression which includes a term for surface energy, γ, might provide a precedent for 
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Here σf is the fibre tensile stress, a is the crack length, and E is the material modulus. However, the surface 
